Promoting green development is an important content of realizing beautiful new China, and energy transformation is an important way to promote green development, which means developing clean energy industry, promoting revolution in energy production and consumption, and building a clean, low-carbon, safe and efficient energy system. This paper deeply analyzes the elements of energy transformation, the purpose of energy transformation research, proposing a hybrid simulation model of energy transformation based on system dynamics.
Introduction
Energy transformation is a long-term, gradual, and complex process, together with significant reforms such as energy system transformation, consumption structure adjustment and main energy substitution. The transformation process faces many difficulties and challenges. Vigorously developing green, low-carbon, high-efficiency and renewable energy is an inevitable trend of energy development. Economic growth, environmental protection and energy transformation are mutually balanced and influential, which is the main contradiction that needs to be resolved in the development of the energy industry. At present, the issue of energy transformation has been paid close attention, but the research status and challenges of this issue have not been clearly sorted out. Most of the review literatures related to energy transformation are based on energy models or tools, covering energy supply and demand, electricity market, power system operation and planning, distributed energy systems and other problems in energy field. This paper has discussed the classification and comparison of the functions and modeling methods of the model, but the energy transformation problem is not discussed in depth.
Energy transformation is aims to achieve sustainable development and to comprehensively assess the impact of energy transformation on sustainability. It needs to be analyzed based on its socio-economic environmental system (Chong et al, 2016; Rodriguez-Serrano et al, 2017). Due to the complexity and dynamics of the green economy model, using traditional linear methods is difficult to comprehensively and systematically explore such issues. Therefore, a more effective method is needed to make up for this deficiency. System dynamics (SD) provides a suitable method for solving such problems which was first proposed by Professor Forrester in 1956. Based on cybernetics, system theory and information theory, it is a method to reveal the dynamic development of a system by establishing a system dynamic model and using computer technology for simulation. This method is suitable for studying complex socio-economic systems This paper will discuss energy transition research in the context of clean and low-carbon development, which includes analyzing the elements of energy transformation issues, explaining the main purpose of energy transformation research, proposing a hybrid simulation model of energy transformation based on system dynamics.
Elements of Energy Transformation
The direct drivers of the transformation of the energy system are the decision-making behaviors of stakeholders such as policy makers, energy suppliers, and energy consumers. The specific decision-making behavior depends on the deeper driving factor, that is, the understanding of the law of energy transition.
The dynamics process of energy transformation involves two levels. At the actual system level, each stakeholder mines the knowledge of the evaluation indicators based on the collected game result information, then understands the feedback effect of the game and adjusts the actual decision-making according to this, and continuously promotes the transformation and development of the energy system. At the virtual simulation system level, under the virtual disturbance and game, each stakeholder makes decisions on virtual future transformation goals and paths, conducting risk-based uncertainty analysis, and continuously improves the understanding of energy transformation laws to support its decision in the actual energy transformation process.
The elements of the energy transformation problem include objective factors, subjective factors, and awareness of the law of energy transition.
Objective Elements
The objective element of energy transformation is the objective energy system, which involves the technical, economic and environmental characteristics of various types of energy. Experts from different energy fields have described the role that their fields can play in promoting energy transition from the perspective of the industry, the limitations of various types of energy and the diversity of people's demand for terminal energy determine that it is difficult for any kind of energy to undertake the energy transformation alone. It is necessary to make full use of the characteristics of various types of energy, learning from each other in different time and space, and optimize the energy structure.
Subjective Elements
Subjective elements are subjective participant behaviors involving stakeholders in different roles such as policy makers, energy suppliers, and energy consumers. Subjective behavior of participants has an important impact on energy transformation. For example, US President Trump announced in June and October 2017 that the United States will withdraw from the Paris Agreement and cancel the Clean Power Plan, which almost completely abolished the Obama administration's most important climate and energy policy, and fossil energy would usher in a more relaxed policy environment. Other important behaviors include investment and planning of energy suppliers, consumer behavior of energy consumers, attitudes of all citizens to energy and climate policies, political games between different countries, etc. Therefore, energy transformation is not only a problem in the natural sciences, but also a wide range of social sciences such as economics and political science. How to account for participants' behaviors in complex energy transformation studies is extremely challenging.
Cognition of the Law of Energy Transformation
Cognition of the law of energy transformation is one of the important factors in energy transformation. The cognition involves different research methods and the dissemination and popularization of research conclusions. Scientific research is the most reliable way for human to acquire knowledge. Although there is sometimes a stagnation or even retrogression of knowledge, continuous improvement in practice is the main theme of cognitive development.
The relevant knowledge of energy transformation comes from the research of objective energy system and subjective participant behavior. The knowledge acquired by the research is used for innovation in theory, technology, system, policy and social consensus. The knowledge affects the behavior of subjective participants in energy transformation issues and promotes the evolution of objective energy systems through various communication channels such as academic paper, books, newspapers, and the Internet.
Research Objectives
The research objectives of the energy transformation issue mainly include the following aspects: explanation, prediction, deduction and optimization. Explanation, prediction and deduction belong to positive analysis which focuses on describing and analyzing phenomena. Optimization belongs to normative analysis that focuses on making policy, plan or strategic advice.
Explanation
Explanation is to answer the basic question that why does energy transformation happen and how does energy transformation occur. They focusing reveal the causality or correlation between related elements in energy transformation issues.
The basic research method of explanation is to apply existing or newly proposed theories or models (hypotheses) to conduct qualitative or quantitative analysis of data. After the emergence of the simulation method, the data sources that "explanation" relies on have been expanded from historical statistics (observations of energy transformations that have occurred) to various types of data generated by simulations.
Prediction
Prediction is to answer the basic question that how will energy be transformed with the given initial conditions and scenario parameters. The prediction of energy transformation depends on the prediction of boundary conditions. Generally, several possible energy transformation results are given. In some cases, the probability of the outcome is estimated.
Expert seminars and questionnaires are also available research methods, but there are deficiencies in quantitative capabilities. Being able to make "prediction" that are verifiable and consistent with the facts is considered the gold standard for evaluating a scientific theory or model. However, due to the long-term scale of the energy transformation in the next few decades, a large number of complex and unpredictable uncertainties, including human behavior, limit the credibility of the research for the objective of prediction in the energy transformation. The limitations of human cognitive ability are the fundamental reasons for restricting long-term energy prediction research. It is a vivid example that a large number of inaccuracies research findings about energy prediction and expectation have been published over the past few decades in the worldwide.
Deduction
Deduction is to answer the basic question that how will energy be transformed with the given initial conditions and a range of variable scene parameters that cannot be reliably predicted.
"Deduction" is a concept that has been expanded on the basis of "prediction". The most significant difference between deduction and prediction is that in the energy transformation deduction, factors that cannot be reliably predicted in nature, such as human behavior, are taken into account. In the simulation model, it is not used as a given scene parameter, but realizes it as a decision variable dynamically adjusted by participants of multiple roles according to the simulation process, and drives the energy transformation accordingly. Through repeated deductions, considerable possible transformation scenarios can be explored.
It should be emphasized that in the research of for the objective of deduction, there are still a large number of pre-determined prediction scene parameters independent of the dynamic decision process. By continuously improving the simulation model, more prediction parameters can be transformed into decision variables or scene parameters that change with decision variables. However, limited by cognitive level and modeling techniques, it is almost impossible to completely eliminate the prediction parameters.
Optimization
Optimization is to answer the basic question that how to optimize energy transition, which includes "route optimization" and "objective optimization" this two levels. One is to answer the question that how to optimally achieve the given objective of energy transition? And the other is to answer what is the optimal objective of energy transition?
The basic research method is to determine the objective function, constraint conditions, decision variables and other factors to build an optimization model for the object system and optimization objectives studied, and select the applicable optimization algorithms (such as linear programming, mixed integer programming, random programming, etc.) for solution.
Research results are most closely related to policy or strategy development so that "optimization" is the most popular study in energy transition.
Model of Hybridization of Energy Transformation Based on System Dynamics
The hybrid simulation method reflects the big data thinking of causal analysis, statistical analysis and behavior analysis. Based on the survey and consultation, data collection, experimental economics simulation, or the mining and analysis of participants' actual behavior data, the joint probability distribution function for multidimensional random variables can be accurately extracted, which can accurately describe the behavior of that group of participants. The behavioral agent model of different participants is established to replace the simulation environment constructed by the mathematical model that the corresponding participants join in, and carry out repeated experimental economics simulation.
Model Framework
Due to the complexity of energy systems in terms of time, space, energy conversion, multi-type energy market coupling, and human behavior, it is difficult to build a comprehensive simulation model. However, the framework model should reflect the basic structure of the energy system and the interaction between different components. A framework model should be constructed by two major components, one is the energy supplier and the consumer market game, which describes the game of energy supplier and consumer in the market of multiple sources of energy which include coal, oil, natural gas, electricity, hydrogen, heat, carbon emissions market and capital market, etc. The content of the game includes trading behavior in various markets, energy supplier infrastructure change behavior (decommissioning, new construction), asset restructuring, capital operation, etc. The second is the external environment of the market game, including macroeconomics, energy policies, environmental policies and other factors. Policy makers' decision-making behavior is an important factor in the external environment. The main state variables include: business tax rate, income tax rate, subsidies, carbon emission caps, and energy price caps.
In order to support the above market game, it is necessary to separately establish an energy infrastructure model, an energy supplier model, and an energy consumer model.
Data Collection
The energy transformation problem has the following characteristics, such as multiple fields (physical, economic, resource, climate, environment, etc.), multi-energy types (fossil, renewable, electricity, heat, etc.), multiple time scales, and multiple spatial scopes (global, national, regional, etc.), multi-stakeholders (policy makers, energy suppliers, energy consumers), multi-market mechanisms.
Its data collection is extremely difficult. We can use the thinking mode of big data technology to realize the dataization and regularization of collection experience and phenomena. Based on statistics, data mining and artificial intelligence, and with the convergence of single dimension and multi-dimensional, we should discover multi-source heterogeneous data from a deeper perspective, and discover new knowledge and new laws.
Conclusion
Energy transformation is a complex system which includes objective energy system, knowledge systems contacting with subjective and objective, and bounded rational behavior of subjective policy makers, energy suppliers and other participants. It not only involves natural sciences such as energy technology, but also includes more complex social sciences such as behavioral economics, psychology and political science.
The desire of mankind to achieve energy transition has a long way to go, but it must be achieved. Thus, it is necessary to design a research framework and optimize research goals from the most essential elements of energy transition, and make many efforts in data acquisition, simulation deduction, knowledge extraction and decision support, which can provide support for relevant decision-making.
